(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 413 370 A1 

EUROPEAN PATENT APPLICATION 



\*ti3) uaie or pupiicaiion. 


/cn\ lnt r \ 7. R01 n 2fi/05> RP1 D 22/20 


28.04.2004 Bulletin 2004/18 


HH1 M ft/HO 


(^1) Application numDer. uoiuoou**.d 




(22) Date of filing: 15.10.2003 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Kusunoki, Ken I cm 


HU IE IT LI LU MC NL PT RO SE SI SK TR 


473-8512, Toyota-shl (JP) 


Designated Extension States: 


• Shiomi, Masanao 


AL LT LV MK 


473-851 2, Toyota-shl (JP) 




• Yoshloka, Naokl 


(30) Priority: Ig^O^ JP 2002308279 


473-8512, Toyota-shi (JP) 


24.06.2003 JP 2003178935 






(74) Representative: Kehl, GUnther, Dipl.-Phys. 


(71) Applicant: ARACO KABUSHIKI KAISHA 


Paten ta nwa Its kanzlei 


Toyota-shi, Alchl-ken 473-8512 (JP) 


GQnther Kehl 


Friedrich-Herschel-Strasse 9 




81679 MQnchen (DE) 



CO 
CO 



CL 
LU 



(54) Hydraulic forming process, hydraulic forming device and metal separator for a fuel cell 
formed by hydraulic forming process 



(57) By using a hydraulic forming device 20, a metal 
plate body 1 1 Is placed on a support section 21 b with a 
hollow section 21 a formed on a lower die 21 filled with 
hydraulic fluid A. Subsequently, a blank holder 23 is low- 
ered to clamp the peripheral edge section of the placed 
metal plate body 11 with the support section 21 b. Then, 
the upper die 22 is lowered relative to the lower die 21 
to pressedly deform the central section of the metal plate 
body 11 and to compress the hydraulic fluid A to in- 
crease the fluid pressure. A rib-like convex section 12 
is transferred onto the metal plate body 11 by the in- 
creased fluid pressure of the hydraulic fluid A and a 
formed section 22a. Further, the fluid pressure of the hy- 
draulic fluid A is kept for a predetermined time. Then, 
the increased fluid pressure of the hydraulic fluid A is 
released. A metal separator 10 is hydraulically formed 
by going through the above-mentioned steps. The hy- 
draulic forming device 20 is capable of performing a 
preferable hydraulic forming with a simplified die struc- 
ture. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a hydraulic 
forming process for performing a hydraulic forming by 
increasing fluid pressure of fluid filled in a sealed space 
without using a complicated device, and a device for this 
process as well as a metal separator for a fuel cell hav- 
ing convex sections formed by the hydraulic forming 
process. 

2. Description of the Prior Arts 

[0002] A hydraulic forming process disclosed, for ex- 
ample, in the following patent document 1 has conven- 
tionally been well-known. In this conventional hydraulic 
forming process, a blank holder firstly clamps a thin met- 
al plate with fluid filled in a hollow section formed at a 
lower die. Then, an upper die having formed thereon a 
plurality of concave sections is lowered and fluid pres- 
sure is raised by a pressure pump, thereby preforming 
on the thin metal plate convex sections projecting into 
the concave sections formed on the upper die. Subse- 
quently, the fluid pressure is decreased and the upper 
die is lowered to a predetermined position for clamping 
the thin metal plate between the concave sections on 
the upper die and the convex sections on the lower die, 
whereby predetermined convex shapes are transferred 
onto the thin metal plate by a pressing. Then, a hydraulic 
valve is completely opened to decrease the fluid pres- 
sure, so that the upper die rises to return to the original 
position. In this way, the execution of the above-men- 
tioned processes can form a plurality of concavo-convex 
shapes on the surface of the thin metal plate according 
to the conventional hydraulic forming process. This con- 
ventional hydraulic forming process is applied to a metal 
separatorforafuelcell having formed thereon a plurality 
of concavo-convex shapes in an embodiment of the in- 
vention. 

[Patent Document 1] 

[0003] Japanese Unexamined Patent Application No. 
2001-259752 

[0004] However, the conventional hydraulic forming 
process requires to increase the fluid pressure by the 
pressure pump upon preforming the thin metal plate. 
Therefore, the pressure pump has to be provided at the 
hydraulic forming device, that makes the overall con- 
struction of the hydraulic forming device complicated 
and expensive. 

SUMMARY OF THE INVENTION 

[0005] The present invention is accomplished for cop- 



ing with the aforesaid problem, and aims to provide a 
hydraulic forming process and hydraulic forming device 
that enable a hydraulic forming with a simplified die 
structure, and in particular, that are preferable for form- 

5 ing a plurality of concavo-convex shapes on a thin metal 
plate such as a metal separator for a fuel cell. 
[0006] The feature of the present invention is that fluid 
is sealedly filled at one side of a workpiece interposed 
between a movable die and a fixed die and the pressure 

10 of the fluid is increased by pressing down the movable 
die toward an accommodating section of the fluid, 
whereby a part of the workpiece is deformed toward a 
forming space section formed at the other side of the 
workpiece to thereby perform a forming on the work- 

15 piece. According to this, the fluid can be compressed to 
be pressurized by pressing down the movable die to- 
ward the accommodating section of the fluid of the work- 
piece. Therefore, a pressure pump for pressurizing the 
fluid is unnecessary, thereby being capable of simplify- 

20 jng the die structure. 

[0007] Another feature of the present invention is a 
hydraulic forming process for forming a convex section 
at a central section of a plate-like workpiece that is in- 
terposed between an upper die and a lower die with its 

25 peripheral edge section clamped, comprising a first step 
for placing the workpiece on the top end section of the 
lower die with a hollow section formed on the lower die 
filled with fluid so as to prevent air from entering, a sec- 
ond step for lowering a blank holder arranged at the out- 

30 er periphery of the upper die so as to clamp the periph- 
eral edge section of the workpiece placed on the lower 
die by the blank holder and the top end section of the 
lower die and a third step for lowering the upper die rel- 
ative to the lower die for pressedly deforming the central 

35 section of the workpiece as well as for compressing the 
fluid to increase its pressure, thereby transferring a 
shape of a formed section formed on the upper die on 
the workpiece by the fluid having the increased pressure 
for forming the convex section. In this case, a fourth step 

40 may be provided at the third step for maintaining the up- 
per die to thereby keep the fluid pressure of the fluid for 
a predetermined time after the shape of the formed sec- 
tion on the upper die is transferred onto the workpiece. 
Further, a fifth step may be provided at the fourth step 

45 for releasing the fluid pressure of the fluid after the upper 
die is maintained to thereby keep the fluid pressure of 
the fluid for the predetermined time. 
[0008] According to this, the upper die is relatively 
lowered to pressedly deform the workpiece placed on 

50 the top end section of the lower die, and further, to com- 
press the fluid filled in the hollow section formed at the 
lower die to increase the pressure, whereby the fluid 
pressure of the fluid can be increased. This enables to 
easily perform a processing with a high fluid pressure 

55 without additionally providing a pressure pump. Further, 
the formed section formed on the upper die and the fluid, 
having the increased fluid pressure can form a prede- 
termined shape on the workpiece. Therefore, a process 
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for increasing and reducing the fluid pressure and a 
pressing process with the upper die and the lower die 
can be eliminated compared to the conventional case 
for forming a predetermined shape on the workpiece by 
the formed section on the upper die and the formed sec- 
tion on the lower die. Accordingly, a time required for 
processing (one cycle time) can be shortened. 
[0009] Moreover, the fluid pressure of the fluid can be 
kept for the predetermined time after forming the prede- 
termined shape on the workpiece. This enables to uni- 
formly exert the high fluid pressure on the bottom sur- 
face of the workpiece for the predetermined time, there- 
by, for example, being capable of eliminating the distor- 
tion caused with the forming. Therefore, a process for 
eliminating the distortion can be omitted, thereby being 
capable of shortening the processing time. 
[0010] Further, the fluid pressure of the fluid can be 
released after the fluid pressure of the fluid is kept for 
the predetermined time. According to this, the predeter- 
mined shape (for example, concave-convex shape) 
formed on the workpiece is prevented to be deformed 
due to the high fluid pressure exerted on the bottom sur- 
face of the workpiece after the upper die rises, thereby 
being capable of enhancing a forming precision. 
[0011] Inthesecases, the compression ratio of theflu- 
id can be not more than 3.0 x 1 0* 5 cm 2 /kg. Further, the 
viscosity of the fluid can be 100 to 1500 cSt. Moreover, 
the fluid can be a mixture of glycol and water at a pre- 
determined ratio. Additionally, the workpiece can be 
formed such that one side thereof is surface-treated and 
the same side comes in contact with the fluid. 
[001 2] According to these, the fluid pressure of the flu- 
id can further efficiently be increased by the compres- 
sion ratio of the fluid not more than 3.0 x 10* 5 cm 2 /kg. 
Therefore, the construction of the hydraulic forming de- 
vice can be simplified, thereby being capable of reduc- 
ing the manufacturing cost of this device. Moreover, the 
viscosity of the fluid in the range of 1 00 to 1 500 cSt can 
prevent, for example, the leakage of the fluid from be- 
tween the workpiece and the top end section of the lower 
die even if the fluid pressure becomes high. According 
to this, the fluid pressure of the fluid can further be in- 
creased to perform the forming, whereby the shape of 
the formed section on the upper die can exactly be trans- 
ferred to thereby be capable of enhancing the forming 
precision. Further, the fluid can be prepared by mixing 
glycol and water than can easily be got, whereby fluid 
having low compression and high viscosity can easily 
be prepared. Moreover, the fluid having low compres- 
sion and high viscosity can be prepared, so that the fluid 
pressure can easily be increased even if the compres- 
sion of the fluid is low, thereby being capable of reducing 
a stroke of the movable die or the upper die. 
[0013] Further, the one side of the formed section on 
the workpiece comes only in contact with the fluid, there- 
by preventing the surface that is in contact with the fluid 
from being damaged by the contact with the die (metal). 
Therefore, even if the surface treatment (for example, 



plating or the like) is performed at the one side of the 
workpiece before the hydraulic forming, the forming can 
preferably be executed without giving adverse effect (for 
example, separation of the plating) on the surface treat- 
ment since the forming is performed with the surface- 
treated side brought into contact with the fluid. Moreo- 
ver, the forming is performed with the one side of the 
workpiece brought into contact with the fluid, so that a 
processing force is uniformly exerted on the formed sec- 
tion. This enables to increase the expansion of the work- 
piece plate, whereby even a thin plate having a thick- 
ness of not more than 1 mm can easily be formed. 
[0014] Further, viewed the feature of the present in- 
vention from another angle, a hydraulic forming device 
comprises a support section that can support a work- 
piece placed thereon, a lower die having a hollow sec- 
tion enclosed by the support section and filled with fluid, 
a blank holder that can be moved upwardly and down- 
wardly and can clamp a peripheral edge section of the 
workpiece with the support section of the lower die and 
an upper die that can be moved upwardly and down- 
wardly, has a formed section at its bottom surface and 
can get into the hollow section of the lower die with the 
central section of the workpiece having the peripheral 
edge section clamped by the support section of the low- 
er die and the blank holder. 

[0015] In this case, a supplying/exhausting/sealing 
device may be provided that supplies the fluid to the hol- 
low section of the lower die to fill the same before the 
workpiece is placed on the support section of the lower 
die, seats the fluid filled in the hollow section when the 
workpiece is formed by the upper die and the lower die 
and discharges the fluid from the hollow section before 
the upper die is withdrawn from the hollow section of the 
lower die after the forming. Further, the supplying/ex- 
hausting/sealing device may be provided with a com- 
posite valve composed of a check valve that allows the 
flow of the fluid from a hydraulic supply source to the 
hollow section of the lower die and a relief valve that can 
change a pressure retainable In a path between the hol- 
low section of the lower die and the check valve accord- 
ing to a change-over operation and has a relief pressure 
set low in a normal state while a relief pressure set high 
when the workpiece is formed, wherein a valve body of 
this composite valve may be directly installed to the low- 
er die. Moreover, the valve body may be provided with 
a mounting port to which a pressure sensor can be 
mounted. Additionally, the workpiece may have one sur- 
face having a surface treatment performed thereon and 
may be placed on the support section of the lower die 
with the same surface brought into contact with the fluid. 
[0016] According to these, the upper die is relatively 
lowered to pressedly deform the workpiece placed on 
the top end section of the lower die, and further, to com- 
press the fluid filled in the hollow section formed at the 
lower die to increase the pressure, whereby the fluid 
pressure of the fluid can be increased. This enables to 
easily perform a processing with a high fluid pressure 
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without additionally providing a pressure pump. Further, 
the formed section formed on the upper die and the fluid 
having the increased fluid pressure can form a prede- 
termined shape on the workpiece. Therefore, a process 
for increasing and reducing the fluid pressure and a 
pressing process with the upper die and the lower die 
can be eliminated compared to the conventional case 
for forming a predetermined shape on the workpiece by 
the formed section on the upper die and the formed sec- 
tion on the lower die. Accordingly, a time required for 
processing (one cycle time) can be shortened. 
[0017] Further, the hydraulic forming device can be 
provided with the supplying/exhausting/sealing device, 
whereby fluid can easily be replenished in case where 
the fluid is decreased due to, for example, the continu- 
ous forming. Moreover, the fluid pressure can be re- 
tained for a predetermined time after a predetermined 
shape is formed on the workpiece since the fluid can be 
sealed. According to this, high fluid pressure can uni- 
formly be exerted on the bottom surface of the work- 
piece for a predetermined time, thereby being capable 
of eliminating a distortion produced with the forming, for 
example. Consequently, a process for eliminating the 
distortion can be omitted to thereby be capable of short- 
ening a processing time. Further, the fluid pressure can 
be released before the upper die is withdrawn from the 
hollow section, so that the deformation of the workpiece 
caused by the high fluid pressure can be prevented after 
the upper die is withdrawn, thereby being capable of en- 
hancing a forming precision of a product. 
[0018] Moreover, the supplying/exhausting/sealing 
device is provided with the composite valve composed 
of the check valve and the relief valve, wherein the valve 
body of the composite valve is directly installed to the 
lowerdie. Therefore, it is unnecessary to provide a com- 
municating pipe line for establishing communication be- 
tween the hollow section of the lower die and each valve. 
Therefore, pressure drop due to the enlarged diameter 
of the communicating pipe line does not occur when the 
fluid pressure is set high, thereby being capable of main- 
taining the fluid pressure high. Moreover, a pressure ef- 
fect due to the communicating pipe line is not produced 
to thereby extremely easily increase the fluid pressure 
even rf the compression of the fluid is small, resulting in 
being capable of decreasing the stroke amount of the 
upper die (movable die). Additionally, spaces for respec- 
tively installing the check valve and the relief valve can 
be saved, so that the hydraulic forming device can be 
made compact. 

[0019] Further, a pressure sensor can be mounted to 
the mounting port of the valve body of the composite 
valve. Therefore, a pipe line for mounting the pressure 
sensor to the lower die is not additionally required, there- 
by being capable of correctly confirming the fluid pres- 
sure in the hollow section without causing a pressure 
drop. Accordingly, mounting the pressure sensor to the 
mounting port enables to check whether the forming 
state of a product is good or not based upon the fluid 



pressure outputted from the pressure sensor, thereby 
being capable of keeping the quality of the product sat- 
isfactory. Further, the operation amount of the upper die 
getting into the hollow section can also suitably be ad- 

5 justed based upon the fluid pressure outputted from the 
pressure sensor mounted to the mounting port. This en- 
ables to form the workpiece with the effect (for example, 
variation in the thickness or the like) of the shape of the 
workpiece made minimum, thereby being capable of 

10 keeping the quality of the product satisfactory. 

[0020] Further, the one side of the formed section on 
the workpiece comes only in contact with the fluid, there- 
by preventing the surface that is in contact with the fluid 
from being damaged by the contact with the die (metal). 

15 Therefore, even if the surface treatment (for example, 
plating or the like) is performed at the one side of the 
workpiece before the hydraulic forming, the forming can 
preferably be executed without giving adverse effect (for 
example, separation of the plating) on the surface treat- 

20 ment since the forming is performed with the surface- ( 
treated side brought into contact with the fluid. Moreo- 
ver, the forming is performed with the one side of the 
workpiece brought into contact with the fluid, so that a 
processing force is uniformly exerted on the formed sec- 

25 tion. This enables to increase the expansion of the work- 
piece plate, whereby even a thin plate having a thick- 
ness of not more than 1 mm can easily be formed. 
[0021] Moreover, viewed other feature of the present 
invention from another angle, a metal separator for a 

30 fuel cell composed by forming a great number of convex 
sections, wherein the convex sections are formed by a 
hydraulic forming process comprising a first step for 
placing a metal separator material on the top end sec- 
tion of the lower die with a hollow section formed on the 

35 lower die filled with fluid so as to prevent air from enter- 
ing, a second step for lowering a blank holder arranged 
at the outer periphery of the upper die so as to clamp 
the peripheral edge section of the metal separator ma- 
terial placed on the lower die by the blank holder and 

40 the top end section of the lower die and a third step for L 
lowering the upper die relative to the lower die for press- 
edly deforming the central section of the metal separator 
material as well as for compressing the fluid to increase 
its pressure, thereby transferring a shape of a formed 

45 section formed on the upper die on the metal separator 
material by the fluid having the increased pressure for 
forming a convex section. 

[0022] In this case, the hydraulic forming process for 
forming the convex sections may include a fourth step 

so at the third step for maintaining the upper die to thereby 
keep the fluid pressure of the fluid for a predetermined 
time after the shape of the formed section on the upper 
die is transferred onto the metal separator material. Fur- 
ther, the hydraulic forming process for forming the con- 

55 vex sections may include a fifth step at the fourth step 
for releasing the fluid pressure of the fluid after the upper 
die is maintained to thereby keep the fluid pressure of 
the fluid for the predetermined time. 
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[0023] Inthesecases, the compression ratio of the flu- 
id used for the hydraulic forming process can be not 
more than 3.0 x 1 0 5 cm 2 /kg. Further, the viscosity of the 
fluid used for the hydraulic forming process can be 100 
to 1500 cSt. Moreover, the fluid used for the hydraulic 5 
forming process can be a mixture of glycol and water at 
a predetermined ratio. Additionally, the metal separator 
material can be formed such that one side thereof is sur- 
face-treated and the same side comes in contact with 
the fluid. 

[0024] According to these, the metal separator for a 
fuel cell formed by the aforesaid hydraulic forming proc- 
ess has the convex sections transferred with high pre- 
cision by the formed section of the upper die and the 
fluid having the increased fluid pressure. Therefore, in 
case where the metal separator are laminated with each 
other to form a fuel cell stack, a sufficient joint area can 
be assured to thereby enhance conductivity between 
the metal separators. Moreover, the distortion caused 
upon forming the convex sections can be eliminated, 
thereby being capable of improving assembility upon 
assembling the metal separators. 

[0025] Further, the fuel ceil stack is required to be 
composed by multi -layering the metal separators since 
electricity of larger capacity is generated, whereby a sin- 
gle cell unit is tend to be great. With respect to this ten- 
dency, applying the hydraulic forming process to thefab- 
rication of the metal separator can make the individual 
metal separator thin, so that it is possible to miniaturize 
the cell unit. Further, the fuel cell produces water upon 
generating electricity, which means that the metal sep- 
arator comes in contact with water for a long time. 
Therefore, the metal separator is in most cases surface- 
treated for assuring satisfactory corrosion resistance. 
The hydraulic forming process of the present invention 
can effectively p revent the surface of the workpiece from 
being damaged upon the forming, whereby the surface- 
treated structure is not damaged to thereby assure an 
extremely satisfactory corrosion resistance of the metal 
separator. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

FIG. 1 is a schematic view for explaining a first step 
executed by a hydraulic forming device according 
to a first embodiment of the present invention; 
FIG. 2 is a schematic view for explaining a second 
step executed by the hydraulic forming device ac- 
cording to a first embodiment of the present inven- 
tion; 

FIG. 3 is a schematic view for explaining a third step 
executed by the hydraulic forming device according 
to a first embodiment of the present invention; 
FIG. 4 is a schematic view for explaining a fourth 
step executed by the hydraulic forming device ac- 
cording to a first embodiment of the present inven- 



tion; 

FIG. 5A is a schematic sectional view of an essen- 
tial part of a fuel cell composed of a metal separator; 
FIG. 5B is a perspective view partially showing a 
formed section of a metal separator material (work- 
piece) formed by a process from the first step to the 
fourth step; 

FIG. 6 is a graph schematically showing a slide 
amount of an upper die and a fluid pressure of hy- 
draulic fluid during a processing (one cycle) of the 
workpiece; 

FIG. 7 is an explanatory view for explaining a con- 
vex shape formed on a metal plate body at the third 
step shown in FIG. 3: 

FIG. 8 is an explanatory view for explaining a rib- 
like convex section formed on the metal plate body 
at the third step shown in FIG. 3: 
FIG. 9 is a schematic view schematically showing 
a hydraulic forming device according to a second 
embodiment of the present invention; 
FIG. 10 is a schematic view for explaining a con- 
struction of a composite valve assembled to the hy- 
draulic forming device according to the second em- 
bodiment of the present invention; 
FIG. 11 is a hydraulic circuit diagram showing the 
composite valve, control valve unit and pump unit 
shown in FIG. 9; and 

FIG. 12 is an explanatory schematic view for ex- 
plaining the operation of the composite valve shown 
in FIG. 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0027] Afirst embodiment of the present invention will 
be explained hereinbelow with reference to the draw- 
ings. FIG. 1 to FIG. 4 show each process according to 
one embodiment of the present invention for fabricating 
a thin metal plate having a plurality of rib-like convex 
sections on its surface, in particular a metal separator 
for a fuel cell. A hydraulic forming device 20 successive- 
ly proceeds with each process to fabricate a metal sep- 
arator 10 composing a fuel cell stack as schematically 
shown in FIG. 5A in which an essential part is enlarged. 
[0028] Fabricated two metal separators 1 0 are joined 
together at one side with a membrane-electrode assem- 
bly (MEA) composed of an anode electrode AE, electro- 
lyte film EF and cathode electrode CE interposed ther- 
ebetween, to thereby form a fuel cell stack. Two sepa- 
rators 10 are joined at one side via the MEA as de- 
scribed above, resulting in forming a hydrogen gas 
channel HC through which hydrogen is supplied and an 
oxygen gas channel OC through which oxygen gas (for 
example, air) is supplied. Further, the metal separators 
1 0 are directly joined together at the other side to form 
a cooling water channel CC through which cooling water 
is supplied. 

[0029] The metal separator 1 0 has a great number of 
rib-like convex sections 12 on a surface of a metal plate 
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body 11 as a metal separator material (workpiece) as 
shown In FIG. 5B. The metal plate body 1 1 is a stainless 
(for example, SUS31 6L) that is like a plate, has no crack 
or warp and has a characteristic of having no sag at a 
shoulder section or base section of the rib-like convex 5 
section 12. The thickness of the metal plate body 11 is 
not more than 0.5 mm. In the following detailed expla- 
nation of the embodiment, the metal plate body 11 is 
explained to have a thickness of 0.1 mm. Applicable 
metal plate body 11 includes other thin stainless plate 10 
(SCP, SHP), aluminum plate or copper plate or a metal 
plate having a surface treatment performed thereon 
such as a metal plating, painting, attaching a laminate 
material or the like on these metal plates. 
[0030] The rib-like convex section 12 has a taper 15 
shape slightly widening from its leading edge section to- 
ward its base edge section. The rib-like convex section 
12 is formed to have a width of 0.5 to 1 mm, a height of 
0.4 to 0.6 mm and a pitch of 1 to 2 mm. In the following 
detailed explanation of this embodiment, the rib-like 20 
convex section 12 is supposed to have a width of 0.8 
mm, height of 0.5 mm and pitch of 1 .6 to 3.0 mm. 
[0031] The hydraulic forming device 20 is provided 
with a lower die 21 , an upper die 22 and a blank holder 
23 as shown In FIG. 1 to FIG. 4. 25 
[0032] The lower die 21 is fixed to the top surface of 
a press head P fixed at its bottom surface to a floor sur- 
face and has at approximately central upper section a 
hollow section 21 a that is open to the upward direction. 
The hollow section 21 a is formed to have a size to which 30 
the upper die 22 can be inserted and has at its top end 
section a support section 21 b for supporting the metal 
plate body 11 placed thereon. Further, the hollow sec- 
tion 21 a is filled with hydraulic fluid A. The hydraulic 
fluid A is made by mixing glycol and water. The mixed 35 
volume ratio at this time is, for example, such that the 
glycol to water is about 9 — 6 to 1 — 4. The compression 
ratio of thus made hydraulic fluid A is about 2.84 x 1 0' 5 
cm 2 /kg and its viscosity is about 1 00 to 1500 cSt. If the 
viscosity is less than 1 00 cSt, there may be a possibility *o 
that the viscosity lowers to thereby cause a leakage of 
the fluid from the hollow section 21 a when the temper- 
ature of the fluid rises upon the forming. On the other 
hand, the viscosity higher than 1500 cSt may cause a 
possibility that the fluidity of the fluid cannot be assured. 4s 
[0033] Moreover, connected to the lower die 21 via an 
on-off valve S1 is a fluid replenishing device S for re- 
plenishing the hydraulic fluid A that is decreased by the 
forming. A fluid introducing pipe line S2 connected to 
the on-off valve S1 is open to the bottom surface of the so 
hollow section 21 a. The on-off valve S1 is in an off-state 
to cut the introduction of the hydraulic fluid A when the 
hydraulic forming device 20 is operated, i.e., the rib-like 
convex sections 12 are formed on the metal plate body 
1 1 . On the other hand, it is in an on-state to release the 55 
fluid pressure force before the upper die 22 rises to with- 
draw after the forming. Further, it is also in the on-state 
to allow the introduction of the hydraulic fluid A when the 



hydraulic fluid A is replenished. There may be the case 
where the hydraulic fluid A has high temperature due to 
the continuous forming of the metal separator 10. In this 
case, it is possible to provide a cooling device for cooling 
the hydraulic fluid A to the fluid replenishing device S 
for replenishing the cooled hydraulic fluid A to the hollow 
section 21 a. 

[0034] The upper die 22 is integrally fixed at its top 
surface to the bottom surface of an inner slider I that can 
be formed to be capable of being raised and lowered in 
the axial direction. The outer peripheral size of the upper 
die 22 is set to a value smaller than the opening size of 
the hollow section 21 a by a predetermined amount. The 
size smaller by the predetermined amount is a size de- 
termined by considering the thickness of the metal plate 
body 11 and an error thereof that occurs during the man- 
ufacturing process. Further, the upper die 22 has formed 
at the surface opposite to the lower die 21 a formed sec- 
tion 22a for forming rib-like convex sections 12 on the 
metal plate body 1 1 . The formed section 22a has a great 
number of concavo-convex sections that are formed like 
a rib for transferring the rib-like convex sections 1 2 on 
the metal plate body 11 . 

[0035] The blank holder 23 is integrally fixed at its top 
surface to a bottom surface of an outer slider O that can 
be formed to be capable of being raised and lowered in 
an axial direction, and is positioned at the outer periph- 
ery of the upper die 22. The bottom surface of the blank 
holder 23 is arranged to be opposite to the support sec- 
tion 21 b of the lower die 21 . 

[0036] Subsequently, a process for forming a metal 
separator 1 0 performed by the hydraulic forming device 
20 having the above-mentioned construction from a first 
step shown in FIG. 1 to a fifth step shown in FIG. 4 will 
be successively explained in detail from the first step. 
[0037] At the first step shown in FIG. 1 , the metal plate 
body 11 is placed on the support section 21 b with the 
hydraulic fluid A filled in the hollow section 21 a of the 
lower die 21 up to its top edge section. Care is required 
so as to prevent air from entering between the fluid sur- 
face of the hydraulic fluid A and the metal plate body 1 1 
upon placing the metal plate body 11 as described 
above. Further, unless the hollow section 21 a is filled 
with the hydraulic fluid A up to its top surface, the fluid 
replenishing device S is driven as well as the on-off 
valve S1 is opened for replenishing the hydraulic fluid 
A. When the hollow section 21 a is filled with the hydrau- 
lic fluid A up to its top surface, the fluid replenishing de- 
vice S is stopped and the on-off -valve S1 is closed. 
[0038] As described above, when the metal plate 
body 11 is placed on the support section 21 b, the hy- 
draulic fluid A fills the space (hereinafter referred to as 
a sealed space) formed by the bottom surface of the 
metal plate body 11, the hollow section 21 a, the fluid 
introducing pipe line S2 and the on-off valve S1 . 
[0039] At the second step shown in FIG. 2, the outer 
slider O is lowered to lower the blank holder 23 toward 
the support section 21 b of the lower die 21 . Then, the 
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peripheral edge section of the metal plate body 11 
placed on the support section 21 b of the lower die 21 
is clamped by the blank holder 23 and the support sec- 
tion 21 b. When the peripheral edge section of the metal 
plate body 1 1 is clamped by the blank holder 23 and the s 
support section 21 b as described above, the hydraulic 
fluid A is sealed in the space formed by the bottom sur- 
face of the metal plate body 11 , the hollow section 21 a, 
the fluid introducing pipe line S2 and the closed on-off 
valve S1 . 10 
[0040] At the third step shown in FIG. 3, the inner slid- 
er I is lowered to lower the upper die 22 toward the hol- 
low section 21 a of the lower die 21 . Then, the upper die 
22 is inserted into the hollow section 21 a while press- 
edly deforming the metal plate body 11. The lowering 1$ 
movement of the upper die 22 is explained in detail 
based upon a relationship between the slide amount of 
the upper die 22 and time shown by a solid line in FIG. 
6. Firstly, the inner slider I is lowered to lower the upper 
die 22 from the initial position to a first predetermined 20 
position that is in close proximity to the metalplate body 
11 with a first slide speed, whereby the formed section 
22a of the upper die 22 is brought into a state to be in 
close proximity to the metal plate body 11 . 
[0041] Subsequently, the inner slider I is further low- 25 
ered to lower the upper die 22 from the first predeter- 
mined position to a second predetermined position that 
is the lowermost point with a second slide speed lower 
than the first slide speed. The second predetermined 
position means here in this embodiment a point where 30 
the formed section 22a of the upper die 22 is inserted 
from the top end section of the support section 21 a by 
approximately 1 .2 mm. In this way, the formed section 
22a comes in contact with the metal plate body 1 1 during 
the lowering movement of the upper die 22 from the first 35 
predetermined position to the second predetermined 
position. 

[0042] When the upper die 22 is further lowered from 
the state where the formed section 22a is in contact with 
the metal plate body 11 , it starts to be inserted into the *o 
hollow section 21 a of the lower die 21 while pressedly 
deforming the metal plate body 11 . It is to be noted that 
the outer peripheral size of the upper die 22 is smaller 
than the opening size of the hollow section 21 a by an 
amount not more than the thickness of the metal plate *s 
body 11 . Therefore, the metal plate body 11 is not cut 
by being clamped between the upper die 22 and the sup- 
port section 21 b when the upper die 22 is inserted into 
the hollow section 21 a. 

[0043] When the upper die 22 starts to insert into the so 
hollow section 21 a while pressedly deforming the metal 
plate body 11 as described above, the hydraulic fluid A 
in the sealed space is started to be compressed. This 
pressurizes the hydraulic fluid A, so that the fluid pres- 
sure of the hydraulic fluid A increases in proportion to 
the slide amount of the upper die 22 as shown by a bro- 
ken line in FIG. 6. When the fluid pressure of the hydrau- 
lic fluid A increases in this way, the metal plate body 11 
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is deformed such that the front surface thereof is press- 
edly deformed into an concave shape by the convex 
section of the formed section 22a and the back surface 
thereof is deformed into a convex shape by being 
pressed toward the concave section of the formed sec- 
tion 22a due to the increased fluid pressure of the hy- 
draulic fluid A as shown in FIG. 7. 
[0044] When the upper die 22 is lowered to the sec- 
ond predetermined position, the metal plate body 11 is 
further pressedly deformed to further compress the hy- 
draulic fluid A, thereby further increasing the fluid pres- 
sure. The fluid pressure at this time rises to approxi- 
mately 300 to 400 MPa. When the upper die 22 is low- 
ered to the second predetermined position to thereby 
increase the fluid pressure of the hydraulic flu id A in this 
way, the concave section of the formed section 22a is 
transferred onto the surface of the metal plate body 11 , 
i.e., the rib-like convex section 12 is exactly formed on 
the surface of the metal plate body 11 as shown in FIG. 
8. 

[0045] At the fourth step shown in FIG. 4, the upper 
die 22 is held at the second predetermined position and 
the increased fluid pressure of the hydraulic fluid A is 
keptfor a predetermined time (for example, 0.5 second) 
after the rib-like convex section 12 is transferred onto 
the metal plate body 11 at the third step. Force produced 
by the high fluid pressure is uniformly exerted on the 
entire back surface of the metal plate body 11 for the 
predetermined time, whereby a distortion caused by a 
partial expansion or contraction can be eliminated. Fur- 
ther, exerting too the force produced by the high fluid 
pressure for the predetermined time on the rib-like con- 
vex section 12 on the metal plate body 11 enables to 
transfer more exactly the concave section of the formed 
section 22a. 

[0046] After the predetermined time has elapsed, the 
on-off valve S1 is opened to release the fluid pressure 
of the hydraulic fluid A to thereby lower the hydraulic 
fluid A, and then, the inner slider I rises in the axial di- 
rection to raise the upper die 22. Subsequently, the outer 
slider O rises in the axial direction to perform the fifth 
step for raising the blank holder 23. By this, the metal 
separator 10 having a great number of rib-like convex 
sections 12 formed on the metal plate body 11 can be 
removed to complete the hydraulic forming. As de- 
scribed above, the metal separator 1 0 is completed by 
going through the first step to fifth step (one cycle). Un- 
less the hollow section 21 a is filled with the hydraulic 
fluid A up to its top surface, the fluid replenishing device 
S is driven as well as the on-off valve S1 is opened for 
replenishing the hydraulic fluid A. When the hollow sec- 
tion 21 a is filled with the hydraulic fluid A up to its top 
surface, the fluid replenishing device S is stopped and 
the on-off-valve S1 is closed. 

[0047] As understood from the aforesaid explanation, 
the metal separator 1 0 can be formed by successively 
performing the first step to the fifth step with the hydrau- 
lic forming device 20. Specifically, the upper die 22 is 
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lowered relative to the lower die 21 , thereby pressedly 
deforming the metal plate body 1 1 placed on the support 
section 21 b of the lower die 21 . This compresses the 
hydraulic fluid A filled in the hollow section 21 a of the 
lower die 21 to increase the fluid pressure. The formed 
section 22 formed on the upper die 22 and the hydraulic 
fluid A having the increased fluid pressure can form a 
great number of rib-like convex sections 1 2 on the metal 
plate body 11 . Therefore, a process for increasing and 
reducing pressure of the hydraulic fluid A and a pressing 
process with the lower die 21 and the upper die 22 can 
be eliminated, and further, up-down stroke of the upper 
die 22 can be reduced to an amount of approximately 
the height of the rib-like convex section 12. Accordingly, 
a time required for processing the metal separator 10 
can be shortened. 

[0048] Additionally, the fluid pressure of the hydraulic 
fluid A can be maintained for the predetermined time af- 
ter forming a great number of rib-like convex sections 
12. As a result, high fluid pressure can uniformly be ex- 
erted on the bottom surface of the metal plate body 11 , 
thereby being capable of eliminating the distortion 
caused with theforming, for example. Therefore, a proc- 
ess for eliminating the distortion can be omitted, thereby 
being capable of shortening the time required for 
processing. Further, the fluid pressure of the hydraulic 
fluid A can be released after the predetermined time has 
elapsed. This can prevent the rib- like convex section 12 
on the metal separator 10 from being deformed due to 
the high fluid pressure exerted on the bottom surface of 
the metal plate body 11 after the upper die 22 rises. 
[0049] Moreover, the back surface of the metal plate 
body 11 only comes into contact with the hydraulic fluid 
A, thereby, for example, being capable of preventing the 
metal plate body from being damaged by the contact 
with the die. Further, the back surface of the metal plate 
body 11 is formed by coming into contact with the hy- 
draulic fluid A, so that a processing force is uniformly 
exerted on the formed section. By this, the expansion of 
the metal plate body 11 can be Increased, whereby the 
forming can be facilitated even if the metal plate body is 
a thin plate having a thickness of not more than 1 mm, 
for example. 

[0050] Further, the fluid pressure of the hydraulic fluid 
A can be efficiently increased without additionally pro- 
viding a pressure pump, thereby being capable of facil- 
itating the forming. Therefore, the construction of the hy- 
draulic forming device 20 can be simplified, to thereby 
be capable of reducing a manufacturing cost of the hy- 
draulic forming device 20. Even if the fluid pressure of 
the hydraulic fluid A is increased to be high, the forming 
can be performed with the hydraulic fluid A prevented 
from being leaked from between the metal plate body 
11 and the support section 21 b, whereby the fluid pres- 
sure of the hydraulic fluid A can be increased. This en- 
ables to exactly transfer the shape of the formed section 
22a of the upper die 22, thereby being capable of en- 
hancing the forming precision. 



[0051] Further, the hydraulic fluid A can be prepared 
by mixing glycol and water that are easily got. According 
to this, fluid having low compression and high viscosity 
can be prepared with extreme ease. Moreover, the hy- 

5 draulic forming device 20 can be provided with the fluid 
replenishing device S for replenishing the hydraulic fluid 
A filled in the hollow section 21 a of the lower die 21 . 
Therefore, the hydraulic fluid A can easily be replen- 
ished even if the hydraulic fluid A is decreased due to, 

10 for example, the continuous forming. 

[0052] In the above-mentioned first embodiment, the 
on-off operation of the on-off valve S1 causes to replen- 
ish the hydraulic fluid A to the hollow section 21 a from 
the fluid replenishing device S or causes to release the 

15 fluid pressure of the hydraulic fluid A to lower the same. 
Instead of the on-off valve S1 and the fluid replenishing 
device S, a composite valve 30 can be installed to the 
lower die 21 and a control valve unit 40 and pump unit 
50 are connected to the composite valve 30 via pipe 

20 lines H1, H2 and H3 for executing the operation. This 
second embodiment will be explained in detail herein- 
below, wherein components same as the above-men- 
tioned first embodiment are given by the same numerals 
for omitting the detailed explanation thereof. 

25 [0053] A composite valve 30, control valve unit 40 and 
pump unit 50 are components of a supplying/exhaust- 
ing/sealing device that can supply the hydraulic fluid A 
for filling the hollow section 21a of the lower die 21 with 
the hydraulic fluid A before the metal plate body 11 is 

30 placed on the support section 21, b of the lower die 21 , 
can seal the hydraulic fluid A filled in the hollow section 
21 a when the metal plate body 11 is formed by the upper 
die 22 and the lower die 21, and can exhaust the hy- 
draulic fluid A from the hollow section 21 a before the 

35 upper die 22 is withdrawn from the lower die 21 after the 
forming. 

[0054] The composite valve 30 is provided by com- 
bining a check valve 37 and a pilot-type relief valve 38 
as shown in FIG. 10 and FIG. 11 and has a valve body 

40 31 , a supply port 32, a supply/exhaust port 33, an ex- 
haust port 34, a pilot port 35 and a sensor-mounted port 
36, these ports being provided at the valve body 31 , and 
communicating paths 111, U2 and U3 that establish a 
communication among these ports. 

45 [0055] The valve body 31 is composed of a main body 
section 31 a and a cover section 31 b made of a block 
material such as carbon steel for machine construction. 
The valve body 31 is formed into a flat shape having 
each port 32, 33, 34, 35 and 36 and communicating 

50 paths U1 , U2, U3 and U4 formed on the same surface 
when the main body section 31 a and the cover section 
31 b are put together. 

[0056] The supply port 32 is formed on the cover sec- 
tion 31 b of the valve body 31 and. connected to the pipe 
55 HneH1 and a variable throttle 41 andanA-port of a four- 
port three-position switching type solenoid-operated 
valve 42, both being provided at the control valve unit 
40, for supplying the hydraulic fluid A. The pipe line H1 
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is formed by a high pressure rubber hose and a coupler. 
The supply/exhaust port 33 is formed on the main body 
section 31 a of the valve body 31 and is directly con- 
nected to a path 21 c formed at the lower die 21 of the 
hydraulic forming device 20 and open to the bottom sec- 5 
tion of the hollow section 21 a for supplying the hydraulic 
fluid A to the hollow section 21 a and exhausting the 
hydraulic fluid A therefrom. The supply port 32 and the 
supply/exhaust port 33 are connected to each other via 
the communicating path U1 . 

[0057] The exhaust port 34 is formed on the main 
body section 31 a of the valve body 31 and is connected 
to a tank 52 provided at the pump unit 50 via the pipe 
line H2 for flowing the hydraulic fluid A discharged from 
the hollow section 21 a to the tank 52. The exhaust port 

34 is connected to the supply/exhaust port 33 via the 
communicating path U2. It is to be noted that the pipe 
line H2 is made of a high pressure rubber hose and a 
coupler. 

[0058] The pilot port 35 is formed on the cover section 

31 b of the valve body 31 and is connected to the pipe 
line H3 and the variable throttle 41 and a B-port of the 
four-port three-position switching type solenoid-operat- 
ed valve 42, both being provided at the control valve unit 
40, for supplying a pilot pressure to the pilot-type relief 
valve 38 via the communicating path U3. It is to be noted 
that the pipe line H3 is made of a high pressure rubber 
hose and a coupler. 

[0059] The sensor-mounted port 36 is a port to which 
a pressure sensor PS is installed. The sensor-mounted 
port 36 is connected to the supply/exhaust port 33 via a 
communicating path U4 that is connected to the com- 
municating path U1 . Unless the pressure sensor PS is 
installed to the sensor-mounted port 36, a plug is mount- 
ed to the sensor-mounted port 36. 
[0060] The check valve 37 is provided halfway at the 
communicating path U1 that connects the supply port 

32 and the supply/exhaust port 33. When the hydraulic 
fluid A is introduced into the communicating path U1 via 
the supply port 32, the check valve 37 allows the flow of 
the hydraulic fluid A to the supply/exhaust port 33. On 
the other hand, the check valve 37 hinders the flow of 
the hydraulic fluid A from the supply/exhaust port 33 to 
the supply port 32. 

[0061] The pilot-type relief valve 38 is provided half- 
way at the communicating path U2 that connects the 
supply/exhaust port 33 and the exhaust port 34. This 
pilot-type relief valve 38 is provided with the pilot port 

35 and a piston 38a that receives the pilot pressure 
transmitted through the communicating path U3. A pop- so 
pet valve 38b is installed to the piston 38a so as to be 
slidable in the axial direction of the piston 38a. A valve 
section of the poppet valve 38b is urged toward the valve 
seat by the urging force of a spring 38c mounted be- 
tween the piston 38a and the poppet valve 38b. 55 
[0062] The relief pressure of the pilot-type relief valve 

38 is set to a high value depending upon the switching 
operation of the four-port three-position switching type 



solenoid-operated valve 42 provided at the control valve 
unit 40 with the pilot pressure transmitted from the pump 
unit 50 via the pilot port 35. On the other hand, the relief 
pressure is set to a low value depending upon the 
switching operation of the four-port three-position 
switching type solenoid-operated valve 42 with the pilot 
pressure not transmitted from the pump unit 50 via the 
pilot port 35. 

[0063] The pressure sensor PS detects the fluid pres- 
sure of the hydraulic fluid A in the hollow section 21 a 
transmitted via the path 21 c and the communicating 
path U4. The value detected by the pressure sensor PS 
is outputted to, for example, a personal computer not 
shown via an amplifier. 

[0064] Thecontrol valve unit 40 has the variable throt- 
tle 41 , four-port three-position switching type solenoid- 
operated valve 42 and relief valves 43 and 44 as shown 
in FIG. 11 . The variable throttle 41 is a needle valve for 
adjusting the flow amount of the hydraulic fluid A sup- 
plied respectively to the supply port 32 and the pilot port 
35 of the composite valve 30. 

[0065] The four-port three-position switching type so- 
jeno id-operated valve 42 (hereinafter referred to as so- 
lenoid-operated change-over valve 42) has a pair of so- 
lenoids 42a at the left side and 42b at the right side. A 
P-port of the solenoid-operated change-over valve 42 is 
connected to an output port 51 of the pump unit 50, while 
an R-port is connected to the tank 52 of the pump unit 
50. The solenoid-operated change-over valve 42 is con- 
trolled by an electric control device not shown so as to 
control the operations of the solenoids 42a and 42b, 
thereby changing overthe flow path of the hydraulic fluid 
A. The electric control device controls the operations of 
the solenoids 42a and 42b according to the detected re- 
sult, for example, of a sensor that detects the upward 
and downward positions of the upper die 22 or the blank 
holder 23 or a sensor that detects the fluid level of the 
hydraulic fluid A in the hollow section 21 a. 
[0066] The control of the solenoid-operated change- 
over valve 42 by this electric control device will specifi- 
cally be explained. The electric control device brings the 
solenoids 42a and 42b into a deenergized state in the 
above-mentioned first and second steps. This operation 
locates the position of the valve body of the solenoid- 
operated change-over valve 42 at the central position 
(the state shown in FIG. 11), thereby establishing a com- 
munication among all the A-, B-, P- and R-ports. Further, 
the electric control device energizes the solenoid 42b at 
the aforesaid third and fourth steps. By this operation, 
the position of the valve body of the solenoid-operated 
change-over valve 42 is changed to the position (here- 
inafter referred to as a pilot position) for communicating 
the output port 51 of the pump unit 50 with the pilot port 
35 via the P-and B-ports of the solenoid-operated 
change-over valve 42 and for communicating the tank 
52 with the supply port 32 via the R- and A-ports of the 
solenoid-operated change-over valve 42. The pilot pres- 
sure is transmitted to the pilot-type relief valve 38 by this 
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change. 

[0067] Moreover, the electric control device brings the 
solenoids 42a and 42b into a deenergized state in the 
process from the aforesaid fourth step to the beginning 
of the fifth step. This operation locates the position of 
the valve body of the solenoid-operated change-over 
valve 42 at the central position, thereby establishing a 
communication among all the A-, B-, P- and R-ports, so 
that the hydraulic fluid A is discharged from the hollow 
section 21 a. Further, the electric control device ener- 
gizes the solenoid 42a according to the detected result 
of the fluid level of the hydraulic fluid A in the hollow 
section 21 a at the process from the above-mentioned 
fifth step to the first step. By this operation, the position 
of the valve body of the solenoid-operated change-over 
valve 42 is changed to the position (hereinafter referred 
to as a supply position) for communicating the output 
port 51 of the pump unit 50 with the supply port 32 via 
the P- and A-ports of the solenoid-operated change- 
over valve 42 and for communicating the tank 52 with 
the pilot port 35 via the R- and B-ports of the solenoid- 
operated change-over valve 42. The hydraulic fluid A is 
supplied to the hollow section 21 from the pump unit 50 
by this change. 

[0068] The relief valve 43 performs a relief operation 
when the fluid pressure of the hydraulic fluid A supplied 
to the supply port exceeds a predetermined pressure, 
thereby flowing (discharging) the hydraulic fluid A into 
the tank 52 of the pump unit 50. The relief valve 44 per- 
forms a relief operation when the fluid pressure of the 
hydraulic fluid A supplied to the pilot port exceeds a pre- 
determined pressure, thereby flowing (discharging) the 
hydraulic fluid A into the tank 52 of the pump unit 50. 
[0069] The pump unit 50 discharges the hydraulic flu- 
id A filled in the tank 52 from the output port 51 at a 
predetermined fluid pressure. By this operation, the 
pump unit 50 supplies the hydraulic fluid A discharged 
from the output port 51 to the hollow section 21 a of the 
hydraulic forming device 20 or transmits the same to the 
pilot-type relief valve 38 of the composite valve 30 at a 
predetermined pilot pressure. 

[0070] In the composite valve 30 having the above- 
mentioned construction, the relief pressure of the pilot- 
type relief valve 38 is set to a low pressure value since 
the position of the valve body of the solenoid-operated 
change-over valve 42 is changed to the central position 
in the aforesaid first and second steps, whereby the hy- 
draulic fluid A is sealed in a space formed by the bottom 
surface of the metal plate body 11 , hollow section 21 a, 
path 21 c and composite valve 30. In case where the 
hydraulic fluid A is required to be replenished before the 
metal plate body 1 1 is placed on the support section 21 
b at the first step, the position of the valve body of the 
solenoid-operated change-over valve 42 is temporarily 
changed to the supply position. This change can replen- 
ish the hydraulic fluid A from the pump unit 50 to the 
hollow section 21 a as shown in FIG. 12C. After the hy- 
draulic fluid A is replenished, the position of the valve 



body of the solenoid-operated change-over valve 42 is 
changed to the central position. 

[0071] Further, in the composite valve 30, the check 
valve 37 and the pilot-type relief valve 38 inhibit the flow 

5 of the hydraulic fluid A as shown in FIG. 12A since the 
position of the valve body of the solenoid-operated 
change-over valve 42 is changed to the pilot position in 
the aforesaid third and fourth steps. At this time, the re- 
lief pressure of the pilot-type relief valve 38 is set to a 

10 high pressure value. Further, in the composite valve 30, 
the position of the valve body of the solenoid-operated 
change-over valve 42 is changed to the central position 
at the beginning period when the process is changed 
from the fourth step to the fifth step, whereby the hy- 

15 draulic fluid A is discharged to the tank 52 of the pump 
unit 50 via the pipe line H2 as shown in FIG. 12B. Ac- 
cordingly, the fluid pressure in the hollow section 21 a 
is released. 

[0072] Moreover, in case where the hydraulic fluid A 
20 is required to be replenished after the metal separator 
10 is removed at the fifth step, the position of the valve 
body of the solenoid-operated change-over valve 42 is 
changed to the supply position. The composite valve 30 
allows the flow from the supply port 32 to the supply/ 
25 exhaust port 33 as shown in FIG. 12C. This can replen- 
ish the hydraulic fluid A supplied from the pump unit 50 
to the hollow section 21 a via the path 21 c. 
[0073] As described above, the same effect as the 
above-mentioned first embodiment can be obtained by 
30 the second embodiment that adopts the composite 
valve 30, control valve unit 40 and the pump unit 50 in- 
stead of the on-off valve S1 and the fluid replenishing 
device S. Further, the valve body 31 of the composite 
valve 30 provided with the check valve 37 and the pilot- 
as type relief valve 38 is directly installed to the lower die 
21 , whereby it is unnecessary to provide a communicat- 
ing pipe line for establishing communication between 
the hollow section 21 a of the lower die 21 and each 
valve 37 and 38. Therefore, pressure drop due to the 
40 enlarged diameter of the communicating pipe line does 
not occur when the fluid pressure of the hydraulic fluid 
A is set high, thereby being capable of maintaining the 
fluid pressure of the hydraulic fluid A high. Moreover, a 
pressure drop due to the communicating pipe line is not 
45 produced to thereby extremely easily increase the fluid 
pressure even if the compression of the hydraulic fluid 
A is small, resulting in being capable of decreasing the 
stroke amount of the upper die 22. Additionally, spaces 
for respectively installing the check valve 37 and the pi- 
50 lot-type relief valve 38 can be saved, so that the hydrau- 
lic forming device 20 can be made compact. 
[0074] In this second embodiment, the pressure sen- 
sor PS can be mounted to the sensor-mounted port 36, 
so that, when the pressure sensor PS is mounted, the 
55 detected value outputted from the sensor PS can be dis- 
played on a display device of a personal computer not 
shown as the fluid pressure in the hollow section 21 a. 
An operator who monitors the operation state of the hy- 
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draulic forming device 20 can confirm whether the fluid 
pressure in the hollow section 21 a rises to the prede- 
termined pressure or not by this display, which means 
that he/she can confirm whether the metal separator 1 0 
is formed under a predetermined forming condition or 5 
not. 

[0075] Therefore, whether the forming state of a prod- 
uct is good or not can be checked based upon the fluid 
pressure of the hydraulic fluid A outputted from the pres- 
sure sensor PS, thereby being capable of keeping the 10 
quality of the product satisfactory. Further, the operation 
amount of the hydraulic forming device 20, i.e., the op- 
eration amount of the upper die 22 getting into the hollow 
section 21 a of the lower die 21 can also suitably be 
adjusted based upon the fluid pressure of the hydraulic 15 
fluid A outputted from the pressure sensor PS. This en- 
ables to form the metal plate body 11 with the effect (for 
example, variation in the thickness or the like) of the 
shape of the metal plate body 1 1 made minimum, there- 
by being capable of keeping the quality of the product 20 
satisfactory. 

[0076] In the above-mentioned each embodiment, the 
metal separator 10 is selected to be a subject to be 
formed to have a great number of rib-like convex sec- 
tions 12, but it is needless to say that the present inven- 25 
tion is applicable for executing to form a great number 
of convex sections on the other thin metal plate. 
[0077] Moreover, the aforesaid each embodiment is 
executed wherein the workpiece is the plate-like metal 
plate body 11, the lower die 21 is a fixed type and the 30 
upper die 22 is a movable type. Specifically, the hydrau- 
lic fluid A is sealedly filled below the metal plate body 1 1 
interposed between the upper die 22 and the lower die 
21 and the hydraulic fluid A is pressurized by pressing 
down the upper die 22 toward the hollow section 21 a 35 
of the lower die 21 , whereby a part of the metal plate 
body 11 is deformed toward the formed section 22a 
formed above the metal plate body 11 to thereby per- 
form a forming on the metal plate body. 
[0078] However, it is possible that a cylindrical work- *o 
piece is used and the hydraulic fluid A is filled in this 
cylindrical workpiece for performing the forming. Specif- 
ically, the hydraulic fluid A is sealedly filled in the cylin- 
drical workpiece interposed between the movable die 
and the fixed die, whereupon the movable die is pushed 
down toward the accommodating section in the axial di- 
rection of the workpiece. By this, the movable die push- 
es the workpiece toward the axial direction to thereby 
deform the same and compresses the hydraulic fluid A 
accommodated in the workpiece to thereby pressurize 50 
the hydraulic fluid A. Then, the hydraulic fluid A having 
the increased pressure deforms a part of the workpiece 
toward a formed space section formed on the fixed die 
arranged at the outside of the workpiece, whereby the 
workpiece is formed. 55 
[0079] According to this construction, the hydraulic 
fluid A can be pressurized by pushing down the movable 
die toward the accommodating section of the hydraulic 



fluid A. Therefore, it is unnecessary to provide a pres- 
sure pump for pressurizing the hydraulic fluid A, thereby 
simplifying the die construction. 



Claims 

1 . A hydraulic forming process wherein fluid is sealed- 
ly filled at one side of a workpiece interposed be- 
tween a movable die and a fixed die and the pres- 
sure of the fluid is increased by pressing down the 
movable die toward an accommodating section of 
the fluid, whereby a part of the workpiece is de- 
formed toward a forming space section formed at 
the other side of the workpiece to thereby perform 
a forming on the workpiece. 

2. A hydraulic forming process for forming a convex 
section at a central section of a plate-like workpiece 
that is interposed between an upper die and a lower 
die with its peripheral edge section clapmed, com- 
prising: 

a first step for placing the workpiece on the top 
end section of the lower die with a hollow sec- 
tion formed on the lower die filled with fluid so 
as to prevent air from entering; 
a second step for lowering a blank holder ar- 
ranged at the outer periphery of the upper die 
so as to clamp the peripheral edge section of 
the workpiece placed on the lower die by the 
blank holder and the top end section of the low- 
er die; and 

a third step for lowering the upper die relative 
to the lower die for pressedly deforming the 
central section of the workpiece as well as for 
compressing the fluid to increase its pressure, 
thereby transferring a shape of a formed sec- 
tion formed on the upper die on the workpiece 
by the fluid having the increased pressure for 
forming a convex section. 

3. A hydraulic forming process claimed in Claim 2, fur- 
ther comprising a fourth step for maintaining the up- 
per die to thereby keep the fluid pressure of the fluid 
for a predetermined time after the shape of the 
formed section on the upper die is transferred onto 
the workpiece at the third step. 

4. A hydraulic forming process claimed in Claim 3, fur- 
ther comprising a fifth step for releasing the fluid 
pressure of the fluid after the upper die is main- 
tained to keep the fluid pressure of the fluid for the 
predetermined time at the fourth step. 

5. A hydraulic forming process claimed in any one of 
Claims 1 to 4, wherein the compression ratio of the 
fluid is not more than 3.0 x 10- 5 cm 2 /kg. 
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6. A hydraulic forming process claimed in any one of 
Claims 1 to 5, wherein the viscosity of the fluid can 
be 100 to 1500 cSt. 

7. A hydraulic forming process claimed in any one of 
Claims 1 to 6, wherein the fluid is a mixture of glycol 
and water at a predetermined ratio. 

8. A hydraulic forming process claimed in any one of 
Claims 1 to 7, wherein the workpiece can be formed 
such that one side thereof is surface-treated and the 
same side comes in contact with the fluid. 

9. A hydraulic forming device comprising: 



11. A hydraulic forming device claimed in Claim 10, 
wherein the supplying/exhausting/sealing device is 
provided with a composite valve composed of a 
check valve that allows the flow of the fluid from a 
hydraulic supply source to the hollow section of the 
lower die and a relief valve that can change a pres- 
sure retainable in a path between the hollow section 
of the lower die and the check valve according to a 
change-over operation and has a relief pressure set 
low in a normal state while a relief pressure set high 
when the workpiece is formed, wherein a valve 
body of this composite valve may be directly in- 
stalled to the lower die. 

12. A hydraulic forming device claimed in Claim 11, 
wherein the valve body is provided with a mounting 



port to which a pressure sensor can be mounted. 

13. A hydraulic forming device claimed in Claim 9 or 
Claim 12, wherein the workpiece has one surface 

5 having a surface treatment performed thereon and 

is placed on the support section of the lower die with 
the same surface brought into contact with the fluid. 

1 4. A metal separator for a fuel cell composed by form- 
to ing a great number of convex sections, wherein the 

convex sections are formed by a hydraulic forming 
process comprising: 

a first step for placing a metal separator mate- 
rial on the top end section of the lower die with 
a hollow section formed on the lower die filled 
with fluid so as to prevent air from entering; 
a second step for lowering a blank holder ar- 
ranged at the outer periphery of the upper die 
so as to clamp the peripheral edge section of 
the metal separator material placed on the low- 
er die by the blank holder and the top end sec- 
tion of the lower die; and 
a third step for lowering the upper die relative 
to the lower die for pressedly deforming the 
central section of the metal separator material 
as well as for compressing the fluid to increase 
its pressure, thereby transferring a shape of a 
formed section formed on the upper die on the 
metal separator material by the fluid having the 
increased pressure for forming a convex sec- 
tion. 

A metal separator claimed In Claim 1 4, wherein the 
hydraulic forming process for forming the convex 
sections includes a fourth step for maintaining the 
upper die to thereby keep the fluid pressure of the 
fluid for a predetermined time after the shape of the 
formed section on the upper die is transferred onto 
the metal separator material at the third step. 

16. A metal separator claimed in Claim 15, wherein the 
hydraulic forming process for forming the convex 
sections includes a fifth step for releasing the fluid 

45 pressure of the fluid after the upper die is main- 
tained to thereby keep the fluid pressure of the fluid 
for the predetermined time at the fourth step. 

17. A metal separator claimed in any one of Claims 1 4 
so to 16, wherein the compression ratio of the fluid 

used for the hydraulic forming process is not more 
than 3.0 x 10* 5 cm 2 /kg. 

18. A metal separator claimed in any one of Claims 14 
55 to 1 7, wherein the viscosity of the fluid used for the 

hydraulic forming process is 100 to 1500 cSt. 

19. A metal separator claimed in any one of Claims 14 



a support section that can support a workpiece 
placed thereon; 

a lower die having a hollow section enclosed by 
the support section and filled with fluid; 
a blan k holder that can be moved upwardly and 20 
downwardly and can clamp a peripheral edge 
section of the workpiece with the support sec- 
tion of the lower die; and 
an upper die that can be moved upwardly and 
downwardly, has a formed section at its bottom 25 
surface and can get into the hollow section of 
the lower die with the central section of the 
workpiece having the peripheral edge section 
clamped by the support section of the lower die 
and the blank holder. 30 

10. A hydraulic forming device claimed in Claim 9, com- 
prising a supplying/exhausting/sealing device that 
supplies fluid to the hollow section of the lower die 15. 
to fill the same before the workpiece is placed on 35 
the support section of the lower die, seals the fluid 
filled in the hollow section when the workpiece is 
formed by the upper die and the lower die and dis- 
charges the fluid from the hollow section before the 
upper die is withdrawn from the hollow section of *o 
the lower die after the forming. 
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to 18, wherein the fluid used for the hydraulic form- 
ing process is a mixture of glycol and water at a pre- 
determined ratio. 

20. A metal separator claimed in any one of Claims 14 5 
to 19, wherein the metal separator material is 
formed such that one side thereof is surface-treated 
and the same side comes in contact with the fluid. 
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